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How  to  Make  And  Use  It. 

CHAPTER  I. 

History  of  the  Gas  Engine. 

The  gas  engine  is  one  of  the  wonders  of  the 
19th  century.  Now,  within  three  years  of  the 
20th  century,  it  is  a novel  machine,  eagerly 
sought  by  many  people.  It  is  thought  by  per- 
sons who  have  not  studied  its  principles  that  it 
is  a steam-engine,  using  gas  or  gasoline  as  fuel 
for  the  purpose  of  making  steam.  This  is 
erroneous.  Gas  and  gasoline  in  specific  pro- 
portion with  air  are  explosive  material. 

The  expansive  force  derived  from  explosion 
of  these  materials  in  the  cylinder  is  the  force 
that  is  substituted  for  the  expansive  force  of 
steam.  Hence,  owing  to  the  economy  of  this 
method  as  a means  of  deriving  power,  the 
steam  engine  and  boiler  are  fast  disappearing, 
and  the  Gas  Engines  taking  their  place  for 
small  power. 
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It  is  not  generally  known  that  the  conception 
of  the  gas  engine  for  the  production  of  motive 
power  antedates  that  of  the  steam  engine. 
Nevertheless  such  is  the  case.  It  was  not  until 
the  year  1744  that  James  Watt  ran  his  first 
successful  steam  engine  at  the  Soho  Works, 
Birmingham,  England,  while  Iluyghens,  Papin 
and  other  scientists  had  produced  power  in 
the  seventeenth  century  by  the  explosion  of 
chemicals  and  the  expansive  force  of  heated 
vapors.  But  the  mechanical  difficulties  proved 
too  great,  and  so  little  was  known  in  that  age 
of  economical  methods  of  producing  gas  as  fuel 
for  the  production  of  heat,  that  when  the  ap- 
parently more  simple  method  of  using  the  ex- 
pansive force  of  steam  produced  by  the  evapor- 
ation of  water  by  heat  produced  by  the  combus- 
tion of  coal  or  wood  was  discovered,  and  Watt 
constructed  his  engine  for  utilizing  steam,  all 
further  efforts  in  the  direction  of  producing 
power  by  other  heated  vapors  were  suspended. 
For  a century  and  a half  the  intelligence  and 
genius  of  the  world  have  been  expended  in 
improving  the  steam  engine,  until  it  is  now 
conceded  that  it  is  as  perfect  as  human  effort 
can  make  it.  No  further  economy  in  produc- 
ing power  by  this  method  can  be  accomplished. 
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After  careful  and  intelligent  tests  by  experts 
with  the  best  instruments  made  at  the  present 
day,  it  is  generally  admitted  that  what  is  now 
deemed  the  perfect  steam  engine  does  not  con- 
vert more  than  io  per  cent,  of  the  heat  efficiency 
into  indicated  work,  and  that  ordinary  engines 
and  boilers  do  not  realize  over  4 per  cent. 

From  S5  to  96  per  cent  of  energy  is  lost  in 
the  wasteful  methods  of  producing  steam 
through  a boiler,  and  the  condensation  and  fric- 
tion in  conveying  it  to  the  piston  of  the  engine 
where  the  energy  is  expended  in  work.  Com- 
pare this  with  the  effective  energy  produced  by 
the  expansive  force  of  heated  vapor  produced 
by  the  combustion  of  gas  in  the  cylinder  of  the 
engine,  without  any  intervening  throttling  by 
friction,  cooling  and  condensation.  We  have 
immediately  gained  from  10  to  20  per  cent,  of 
effectual  energy  from  the  heat  units  produced. 

A century  elapsed  after  the  experiments  of 
Iluyghens  in  16S0,  and  Papin  in  1690,  before 
any  further  improvement  or  experiments  are 
recorded  in  this  direction. 

Soon  after  steam  had  been  successfully  used, 
attention  was  again  directed  to  the  gas  engine, 
and  we  find  that  Robert  Street  obtained  a 
patent  in  1794,  and  Lebon  in  1801.  In  1S23 


8 


TIIE  GAS  ENGINE.  . 


Samuel  Brown  constructed  a gas  engine  that 
ran  a boat  successfully  on  the  Thames  and  a road 
carriage  on  the  streets  of  London. 

W.  L.  Wright  in  1S35,  and  Barnett  in  1838, 
made  several  important  improvements.  Then 
come  Ador,  Johnson,  Robinson,  Reynolds, 
Brown,  Bolton,  Webb,  Newton,  Edington, 
Barsanti,  and  Matteucei  in  the  order  named, 
who  lend  their  aid  in  attempts  to  improve  the 
machine.  But  it  is  not  until  1S60  that  the 
mechanical  dilliculties  are  surmounted  and  a 
commercial  gas  engine  constructed.  Lenoir 
then  brought  the  gas  engine  out  of  the  experi- 
mental stage  into  public  use,  and  the  Reading 
Iron  Works  Co.  of  the  U.  S.  built  100  of  them, 
and  several  of  these  engines  are  in  use  at  the 
present  time.  Next  in  line  comes  Ilugon  in 
1865,  and  Otto  and  L.  Langen  in  1867,  fol- 
lowed by  McGreggor,  Bulkeley,  Clerk,  Cross- 
ley,  and  Bisschop  and  others.  Many  years  of 
constant  application,  labor,  study,  and  experi- 
ment, with  the  usual  discouragements  and  trials, 
have  finally  culminated  in  bringing  out  an 
engine  that  equals  the  finest  steam  engine  of 
today.  It  is  onty  a matter  of  time  when  the 
prejudice  that,  as  usual,  exists  against  any  inno- 
vation, the  ungrounded  fear  of  explosions  and 
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other  difficulties,  will  be  overcome  and  the 
superiority  of  the  gas  engine  over  the  wasteful 
steam  engine  and  boiler  will  be  established. 
The  unsightly  smoke  stacks,  belching  forth 
smoke  and  soot,  will  be  relegated  to  the  scrap 
heap,  and  the  iron  will  be  used  to  construct 
more  useful  machines.  The  atmosphere  of  our 
manufacturing  cities  will  be  as  clear  as  that  of 
the  country.  The  cost  of  producing  power 
will  be  so  reduced  that  the  beggar  may  ride, 
and  in  the  next  decade  the  steam  engine  will 
occupy  the  same  relative  position  to  the  gas 
engine  that  the  flint  and  steel  now  do  to  the 
lucifer  match,  the  tallow  dip  to  the  electric 
light,  the  stage  coach  to  the  bicycle,  motor 
cycle,  or  the  modern  electric  street  cars,  and 
civilization  will  record  another  grand  stride 
toward  the  millennium. 

Gas  Engines  may  be  divided  into  two  types, 
those  working  without  compression  and  those 
that  have  compression.  In  the  former,  the  gas 
and  air  are  drawn  into  the  cylinder  at  atmos- 
pheric pressure  and  exploded  or  expanded,  thus 
producing  the  power.  In  the  latter,  the  mix- 
ture is  first  drawn  into  the  cylinder,  then  com- 
pressed and  later  exploded.  As  this  produces  a 
better  or  more  powerful  explosion,  the  economy 
of  gas  by  this  method  is  apparent. 

We  will  first  describe  a typical  engine  of  the 
non-compression  type,  the  Bisschop. 
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CHAPTER  II. 


The  Bisschop  Non=Compressing  Gas  Engine. 


The  Bisschop  Engine  was  invented  by  Alexis 
De  Bisschop  in  1870  and  was  used  mainly  for 
small  power,  and  although  it  is  still  made  it  can 
scarcely  be  called  a modern  gas  engine.  Jt  ap- 
peared about  four  years  after  Dr.  Otto  and  Pro- 
fessor Langen  invented  their  non-compression 
atmospheric  engine,  and  was  intended  especially 
to  avoid  the  noise  and  recoil  of  the  free  piston, 
rack  and  clutch  gear  and  the  other  defects  of 
that  motor.  It  belongs  to  what  is  called  a 
mixed  type.  The  charge  of  gas  and  air  is  ad- 
mitted at  atmospheric  pressure,  and  the  force  of 
the  explosion  drives  up  the  piston,  but  it  is  at- 
tached in  a special  way  to  the  crank,  and  does 
not  run  free. 

The  pressure  of  the  atmosphere,  and  the 
energy  stored  up  in  the  fly-wheel  then  drive 
down  the  piston  into  the  vacuum  formed  by  the 
cooling  of  the  gases.  The  action  of  the  walls 
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is  here  partly  turned  to  good  account,  reducing 
the  temperature  of  the  exhaust  gases  and  helping 
to  form  the  vacuum. 

In  a certain  sense  the  Bisschop,  like  other 
atmospheric  engines,  may  be  called  double- 


FIGURE  2. 

acting.  The  force  of  the  explosion  being  used 
on  one  side  of  the  piston,  and  the  pressure  of 
the  atmosphere  on  the  other ; with  the  exception 
of  a few  small  French  motors,  it  is  probably  the 
only  non-compressing  engine  still  in  the  market. 
It  is  said  that  about  2,000  of  these  engines  were 
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sold  in  England  during  the  first  two  years  of 
their  being  on  the  market. 

Like  all  non-compressing  engines  the  Bis- 
schop  is  not  very  economical,  and  this  may  be 
the  reason  why  it  is  no  longer  in  favor  in  places 
where  the  high  price  of  gas  makes  economy  of 
gas  consumption  a consideration. 

Many  cases  occur,  however,  where  sim- 
plicity and  ease  in  starting  and  in  handling  are 
necessary,  and  here  the  Bisschop,  which  is  a 
most  convenient  and  simple  little  motor,  has 
been  found  of  use  for  small  powers.  For  the 
convenience  of  such  of  our  readers  as  desire  a 
simple  engine  of  this  type  we  give  a description 
and  drawings  of  the  Bisschop. 

The  engine  has  a vertical  cylinder,  closed  at 
both  ends,  and  the  piston  rod  works  in  an  up- 
right hollow  column.  Above  is  a cross-head 
from  which  the  connecting  rod,  working  directly 
through  the  crank  on  the  motor  shaft,  hangs 
parallel  to  the  piston  rod  during  the  up  stroke. 
All  these  parts  are  close  to  the  high  column 
carrying  the  piston  and  rod,  and  this  causes  a 
certain  amount  of  vibration,  but  the  impulse 
from  the  piston  to  the  crank  is  direct. 

Explosion  occurs  immediately  after  the  piston 
has  passed  over  the  lower  dead  point.  The 
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shock  forces  up  the  piston  rapidly,  the  crank  is 
carried  around  through  more  than  half  a revolu- 
tion, and  the  connecting  rod  brought  parallel 
with  the  piston  rod  inside  the  column.  Thus 
expansion  is  exceedingly  rapid  and  proportion- 
ally greater  than  admission.  The  distribution 
of  the  gas  and  air,  and  the  discharge  of  the  ex- 
haust gases,  are  affected  by  a trunk  piston  valve 
driven  from  an  eccentric  on  the  crank  shaft. 
Gas  and  air  are  first  admitted  through  valves 
covered  with  thin  rubber  discs.  The  air  valve 
is  perforated  with  eighteen  and  the  gas  valve 
with  three  holes  admitting  the  charge  in  the 
proportion  of  six  parts  of  air  to  one  of  gas. 

The  piston  valve  is  then  driven  down  and 
brought  into  line  with  the  distributing  chamber, 
and  the  corresponding  admission  port  of  the 
cylinder. 

The  engine  has  no  water-jacket,  the  cylinder 
being  provided  externally  with  ribs  to  cool  the 
metal.  Strange  to  say,  it  not  only  works  with- 
out oiling,  but  the  manufacturers  expressly  stip- 
ulate that  neither  the  piston  nor  the  other  parts 
shall  be  lubricated.  A few  drops  of  oil  are 
applied  occasionally  to  the  cross-head  and  the 
motor  crank  only.  Ignition  is  obtained  by  an 
external  flame.  The  piston  valve  admits,  dis- 
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tributes  and  expels  the  charge  through  the’ lever 
i,  (Fig.  i.)  The  exhaust  is  seen  at  E ; K is 
the  small  opening  about  half  way  up  the  cylin- 
der, covered  by  a flat  valve  ; an  external  flame 
burns  behind  it  at  N,  and  at  O is  a second  aux- 
iliary flame,  to  rekindle  the  other  when  blown 
out.  Fig.  2 shows  the  air  valve  with  the  holes 
for  regulating  the  supply  and  the  action  of  the 
piston  valve  P;  the  gas  enters  at  I (Fig.  i). 

Method  of  Working. — Beginning  with  the 
piston  in  its  lowest  position,  when  the  exhaust 
has  just  been  cut  off,  the  pressure  in  the  cyl- 
inder being  below  the  atmosphere  gas  and  air 
enter  and  mix  in  the  distributing  chamber. 
The  eccentric  drives  down  the  auxiliary  piston 
and  brings  its  openings,  M,  opposite  the  mixing 
chamber  and  the  port  F into  the  cylinder. 
The  charge  enters,  while  the  energy  stored  up 
in  the  fly-wheel  carries  the  piston  past  the 
lower  dead  point.  The  opening  at  I is  passed 
and  the  flat  valve  hanging  loose  before  it  is 
lifted  by  the  vacuum,  the  flame  is  drawn  in  and 
the  charge  fired,  explosion  follows,  and  the 
pressure  closes  instantly  the  admission  and 
igniting  valves,  until  the  piston  valve,  raised  by 
the  eccentric,  has  shut  off  the  distributing 
chamber,  the  piston  flies  up  with  great  velocity 
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and  more  energy  is  generated  than  can  be  util- 
ized in  the  up  stroke.  The  reserve  force 
carries  the  fly-wheel  through  the  remainder  of 
its  revolution,  and  drives  the  piston  down. 
The  exhaust  valve  is  next  open,  and  during  the 
greater  part  of  the  down  stroke  the  gases  of 
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combustion  are  driven  out  through  the  port  un- 
covered by  the  piston  valve  which  is  now  in  its 
highest  position.  When  the  pressure  in  the 
cylinder  is  below  atmosphere,  and  a vacuum 
has  been  formed,  the  suction  lifts  the  rubber 
discs  covering  the  gas  and  air  admission  valves, 
the  charge  enters  and  the  cycle  is  repeated. 
The  exhaust  down  stroke  is  a trifle  slower  than 
the  up  expansion  stroke. 

This  engine  needs  no  governor,  the  regula- 
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tions  of  the  speed  being  effected  by  (2)  rubber 
bags.  The  larger  one  acts  as  a reservoir  and 
the  gas  passes  from  it  into  the  smaller  bag, 
which  is  so  constructed  that  it  receives  and 
passes  on  to  the  cylinder  exactly  as  much  gas  at 
a time  as  is  required  to  keep  the  engine  at  any 
given  speed. 

Test. — Several  test  experiments  have  been 
carried  out  on  this  engine;  all  show  a relatively 
large  consumption  of  gas.  This  engine  should 
not,  however,  be  judged  only  by  its  expendi- 
ture of  gas;  neither  water  nor  oil  are  required 
for  the  cylinder,  and  the  motor  is  often  used  to 
replace  manual  labor.  Its  advantages  disap- 
pear when  the  engine  is  made  for  larger  pow- 
ers, although  the  consumption  of  gas  is  propor- 
tionately diminished.  In  England,  where  it  is 
most  employed,  it  is  seldom  constructed  for 
more  than  one  horse  power. 

Fig.  6 shows  a diagram  or  card  taken  from  a 
one-horse  power  Bisschop  Gas  Engine. 
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The  Day  Gas  Engine. 

Messrs.  Day  & Co.,  of  Bath,  England,  have 
recently  put  upon  the  market  an  extremely 
simple  and  ingenious  engine  of  the  compression 
type,  which,  having  been  extensively  copied 
with  more  or  less  modification  in  this  country,  is 
worthy  of  a short  notice. 

In  this  vertical  motor  several  modifications 
from  the  general  run  of  gas  engines  have  been 
introduced,  and  although  many  of  them  have 
appeared  in  other  engines,  they  are  here  utilized 
in  a new  and  original  way.  With  one  cylinder 
only,  an  explosion  is  obtained  at  every  revolu- 
tion. 

The  cylinder  and  piston  are  at  the  top,  and 
the  latter  works  downward  upon  the  crank 
through  a connecting  rod.  Instead  of  a pump 
a reservoir  is  formed  by  enclosing  the  crank  in 
an  airtight  chamber,  and  through  a check  chan- 
nel or  passage  at  the  side  the  mixture  is  forced 
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from  it  into  the  upper  part  of  the  cylinder. 
With  the  exception  of  this  reservoir  and  charg- 
ing passage,  the  mechanism  of  the  Day  Engine 
is  very  simple.  There  is  no  counter-shaft  or 
eccentric.  The  action  of  the  piston  itself 


FIGURE  7. 

causes  the  admission,  explosion  and  discharge  of 
the  gases.  There  is  only  one  valve,  through 
which  the  gas  and  air  are  automatically  ad- 
mitted in  proper  proportion  by  the  suction  of 
the  up  stroke  of  the  piston.  The  exhaust  gases 
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are  expelled  at  the  same  time.  Ignition  is  by  a 
hot  tube  without  a timing  valve,  placed  at  the 
top  of  the  cylinder.  As  there  is  an.  explosion 
every  revolution  there  is  no  danger  of  prema- 
ture ignition,  the  gases  being  driven  into  the 
hot  tube  at  every  up  stroke  by  the  compressing 
action  of  the  piston. 

Fig.  7 gives  a sectional  elevation  of  a Day 
Gas  Engine.  A is  the  hot  tube  for  ignition,  B 
the  automatic  valve  for  the  admission  of  gas  and 
air,  D is  the  chamber  enclosing  the  crank,  into 
which  the  charge  from  B is  first  drawn.  At  E 
is  the  exhaust,  which  is  merely  an  opening  half 
way  down  the  cylinder,  uncovered  by  the 
piston.  F is  the  channel  connecting  the  crank 
chamber  with  the  working  parts  of  the  cylinder. 
All  the  four  operations  of  the  Beau  de  Rochas 
Cycle — admission,  compression,  explosion  plus 
expansion,  and  exhaust — are  performed  in  one 
up  and  one  down  stroke  of  the  piston,  the  dow  n 
being  the  motor  stroke. 

The  action  of  the  engine  is  as  follows:  the 
crank  being  at  the  lower  dead  point  and  the 
trunk  piston  at  the  bottom  of  the  cylinder,  its 
edges  just  clear  the  port  opening  from  the 
channel  F in  the  side  into  the  upper  end  of 
cylinder.  Through  this  channel  during  the 
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latter  part  of  the  down  stroke,  the  fresh  charge, 
forced  out  by  the  piston,  has  been  passing  from 
the  reservoir  D.  The  up  stroke  commences, 
and  the  port  above  F is  immediately  closed  ; the 
upper  face  of  the  piston  compresses  the  gas  and 
air  above  it,  and  drives  them  up  into  the  igni- 
tion tube  A.  Meanwhile,  the  reservoir  having 
been  partly  emptied  of  its  contents  through  the 
side  channel,  a partial  vacuum  is  formed  below 


figure  8. 

the  piston  ; the  automatic  valve  B is  lifted,  and 
a fresh  charge  enters  and  fills  the  reservoir  D. 
The  piston  having  reached  the  end  of  the  up 
stroke  the  charge  is  fired,  and  the  expansion 
drives  it  down ; the  exhaust  port  is  uncovered 
and  the  gases  discharged.  When  the  piston 
is  through  half  its  stroke,  it  begins  to  force  the 
fresh  charge  in  the  reservoir  below  it  through 
the  side  channel  into  the  upper  part  of  the 
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cylinder  before  the  exhaust  port  is  covered,  the 
incoming  charge,  already  slightly  compressed, 
helps  to  drive  out  the  products  of  combustion. 
The  return  stroke  compresses  the  mixture,  and 
the  cycle  recommences.  The  simplicity  of  the 
Day  Gas  Engine  makes  it  easy  to  reverse  its 
direction  of  rotation. 

Fig.  8 gives  an  indicator  diagram  or  card  of 
a ij  h.  p.  nominal  engine,  indicating  3.3  h.  p. 
The  diameter  of  the  cylinder  is  inches, 
stroke  7J  inches,  and  it  runs  at  1S0  revolutions 
per  minute. 
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CHAPTER  IV. 


The  Sintz  Gas  Engine. 


This  engine,  which  is  built  by  the  Sintz  Gas 
Engine  Co.,  of  Grand  Rapids,  Michigan,  is  an 
improvement  on  the  Day  Gas  Engine  of  Eng- 
land, and  is  one  of  the  few  gas  engines  that  is 
suitable  for  Electric  Light  Work.  Owing  to  the 
excellent  governor  and  also  to  its  two  cylinders, 
giving  it  an  explosion  or  impulse  at  every  half 
revolution,  it  is  especially  adapted  to  this  class 
of  work.  These  engines  are  fitted  with  either 
a hot  tube  or  an  electrical  igniter,  either  of 
which  gives  excellent  results.  Fig.  9 shows  a 
cut  of  this  engine. 

The  Monitor  Gas  Engine  and  the  Wolverine 
Gas  Engine,  both  of  which  were  constructed  in 
Grand  Rapids,  Mich.,  by  companies  started  by 
Mr.  Clark  Sintz,  are  both  of  the  same  type 
with  perhaps  a few  modifications,  as  the  Sintz 
and  Day  engines,  and  give  excellent  results,  and 
are  remarkably  economical  as  to  the  amount 
of  gasoline  they  use. 
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CHAPTER  V. 

The  Olin  Gas  Engine. 

The  Olin  Gas  Engine,  manufactured  by  the 
Olin  Gas  Engine  Co.,  of  Buffalo,  N.  Y.,  is  of 
the  four  cycle  type  and  lays  claim  to  various 
novel  features.  Chief  among  these  is  a sim- 
plicity of  construction  heretofore  unknown  in 
gas  engine  manufacture ; and  a gas  consump- 
tion of  not  more  than  fifteen  feet  per  brake 
h.  p.  per  hour.  The  charge  is  introduced 
through  a piston  valve-like  tube,  with  a grind- 
ing face  at  end,  to  which  gas  and  air  suction 
valve  is  seated.  The  tube  itself,  with  a self- 
adjusting  collar  and  a ground  seat  in  the  valve 
chamber,  serves  as  an  exhaust  valve,  and  is 
actuated  by  a cam  on  the  main  governor  gear. 
The  governor  consists  of  two  weights  accurately 
balanced  and  attached  to  a finger,  this  latter 
engages,  when  the  speed  of  the  engine  drops, 
with  a dog  controlling  the  travel  of  the  exhaust 
valve,  and  attached  to  a rock  lever.  During 
accelerated  speed,  the  finger  is  depressed  and 
the  dog  rides  on  the  governcr  disk,  holding  the 
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exhaust  valve  open  and  preventing  the  intro- 
duction of  a new  charge.  The  construction  of 
the  governor,  with  its  constantly  moving  weights, 
insures  close  regulation.  The  easy  accessibility 
of  every  part  of  the  completed  engine  is  also  a 
notable  feature. 
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CHAPTER  VI. 


How  to  Make  The  Warwick  Gas  Engine. 


The  Warwick  Gas  Engine  has  been  designed 
to  meet  the  requirements  of  all  who  require  a 
light  power  which  is  always  ready  and  can  be 
used  as  wanted.  The  cost  and  method  of  con- 
struction have  been  reduced  and  simplified  to 
enable  the  average  amateur  to  construct  it. 

The  Warwick  Gas  Engine  belongs  to  the 
class  of  engines  exploding  at  constant  volume 
with  previous  compression.  The  working 
cycle  is  that  known  as  the  Beau  de  Rochas 
Cycle,  and  is  divided  into  four  parts  in  which 
the  engine  makes  two  revolutions.  During  the 
first  complete  revolution  of  the  engine  the 
cylinder  acts  as  an  air  pump.  As  the  piston 
moves  forward  gas  and  air  in  the  proportion  of 
six  parts  of  air  to  one  of  gas  are  admitted  through 
the  automatic  inlet  valve.  When  the  piston 
has  reached  the  forward  or  top  end  of  cylinder 
the  inlet  valve  closes,  and  as  the  piston  returns 
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to  the  back  end  of  cylinder  the  charge  of  air 
and  gas  is  compressed  to  about  one-third  its 
original  volume. 

At  the  beginning  of  the  second  revolution  the 
compressed  charge  of  gas  and  air  is  ignited  and 
exploded,  either  by  an  electric  spark,  a hot 
tube,  or  a flame,  all  of  which  methods  are 
shown,  it  being  left  to  the  discretion  of  the 
builder  as  to  which  method  is  adopted. 

The  explosion  forces  the  piston  forward  until 
it  reaches  the  front  or  top  end  of  the  cylinder,  at 
which  time  the  exhaust  valve  opens,  and  during 
the  return  stroke  the  burnt  gases  are  discharged 
through  the  exhaust  pipe. 

As  will  be  seen,  the  engine  receives  one 
impulse  in  every  two  revolutions,  and  during 
the  first  revolution  no  power  is  developed,  but 
on  the  contrary  it  is  absorbed  or  destroyed,  by 
the  compression. 

This,  viewed  from  the  steam  engine  point  of 
view,  seems  on  a par  with  the  man  who  at- 
tempted to  lift  himself  by  his  boot  straps,  but  in 
spite  of  this  apparent  waste  of  energy,  the  gas 
engine  is  about  three  times  more  efficient  than 
the  steam  engine. 

As  the  working  drawings  are  not  only  made 
to  scale,  but  have  also  dimensions  plainly 
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marked  in  figures,  there  is  little  necessity  for  an 
extended  explanation. 

GENERAL  DIRECTIONS. 

A few  special  pointers  to  be  used  in  connec- 
tion with  the  working  drawings. 

The  Cylinder. — The  cylinder  is  surrounded 
with  a water  jacket  i£  inch  thick;  the  ribs 
around  the  cylinder  under  the  jacket  form 
channels  through  which  the  water  is  circulated, 
cooling  the  cylinder  and  being  finally  dis- 
charged at  the  top. 

After  boring  the  jacket,  place  the  cylinder  on 
a mandrel,  (having  first  bored  the  cylinder  out 
four  and  a half  inches)  and  turned  down  the 
flanges  until  they  almost  fit  into  the  jacket;  heat 
the  jacket  to  a bright  cherry  heat  and  it  will 
expand  enough  to  pass  over  the  flanges,  and  on 
cooling  will  shrink,  making  a tight  joint. 

Before  shrinking  on  the  jacket,  carefully  note 
the  exact  location  of  the  bosses  cast  on  the  sides 
of  the  cylinder,  these  are  to  be  drilled  and 
tapped  and  i£  in.  10-24  screws  put  in  to  firmly 
hold  the  jacket  in  position ; again  mount  the 
cylinder  on  mandrel  and  turn  off  the  outside  of 
jacket  so  that  it  will  fit  inside  of  ring  in  the 
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base.  Now  face  up  cylinder  head  both  sides, 
and  having  made  a good  joint  hold  it  in  place 
with  four  half-inch,  counter-sunk-head  screws 
one  inch  long. 

The  cylinder  is  now  ready  to  be  mounted  on 


FIGURE  13. CRANK  DISK. 

the  base,  where  it  should  be  secured  with  at 
least  six  half-inch  cap  screws.  A thin  layer  of 
asbestos,  or  even  white  lead,  may  with  advan- 
tage be  placed  between  the  cylinder  head  and 
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the  base  before  screwing  clown.  The  exhaust 
and  intake  ports  should  be  tapped  out,  and  the 
combination  valve  screwed  on. 
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FIGURE  14. 

Valves. — The  builder  here  has  the  choice 
given  to  him  of  two  valves,  one  with  a pneu- 
matic and  the  other  with  a centrifugal  gover- 
nor, either  of  which  gives  excellent  results,  but 
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require  to  be  carefully  made.  Both  exhaust, 
gas,  and  air  inlet  valves  are  made  conical,  and 
should  be  ground  in  after  the  yare  turned  to  size, 
as  a good  deal  depends  on  having  tight  valves  if 
you  want  the  engine  to  work  successfully. 
The  stems  of  both  valves  are  of  steel,  and  that 
of  the  exhaust  valve  should  be  hardened  after 
the  notch  for  the  governor  spindle  has  been  cut. 

Governor. — The  action  of  the  governor  will 
be  apparent  from  the  working  drawings.  The 
lower  end  of  the  governing  spindle  should  be 
hardened  where  it  comes  in  contact  with  the 
notch  cut  in  the  exhaust  valve-stem. 

Water  Jacket. — If  you  can  make  connection 
from  a water  faucet  to  the  cooling  jacket  of  the 
engine  do  so,  or  if  this  cannot  be  done  a tank 
can  be  used  for  the  water  to  circulate  in.  If, 
however,  you  intend  to  use  the  engine  in  a boat 
it  will  be  best  to  make  the  pump  shown  in  the 
drawings,  and  force  the  water  in  at  the  bottom 
of  the  jacket,  as  that  tends  to  keep  the  cylinder 
cool  and  the  water  jacket  full. 

Battery  and  Spark  Coil. — Where  it  is  de- 
cided to  use  an  electric  ignitor,  it  is  advisable  to 
use  a battery  of  three  storage  cells,  (for  prefer- 
ence the  P.  W.  Dry  Storage  Battery)  as  it  will 
not  slop  and  has  extremely  high  E.  M.  F., 
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which  tends  to  a fat  or  hot  spark  which  is  very 
desirable.  When  it  is  not  convenient,  however, 
to  obtain  these  cells,  almost  any  good,  large-size 
carbon  battery  will  do  if  you  have  a good  spark 
coil.  If  a sal-ammoniac  cell  is  used  it  is  advis- 
able to  connect  them,  two  in  parallel  or  multiple, 
and  say  four  or  five  in  series. 

The  insulating  bushing  that  passes  through 
the  cylinder  head  can  be  made  of  lava  or 
porcelain  as  most  convenient,  and  can  be  made 
to  order  by  any  pottery,  or  the  lava  can  be 
obtained  from  the  D.  M.  Stewart  Mfg.  Co., 
Chattanooga,  Tenn. 

Carburetor. — Where  it  is  desirable  to  oper- 
ate the  engine  with  gasoline  it  will  be  necessary 
to  have  a carburetor,  a sketch  of  which  is 
shown  and  which  needs  no  further  explanation. 

Ignition  Tubes. — These  may  be  obtained 
from  the  Fairbanks- Morse  Co.,  from  their  fac- 
tory at  Beloit,  Wis.,  or  at  one  of  their  agencies. 
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CHAPTER  VII. 


The  Wadsworth=Warwick  flarine  Gasoline 

Engine. 


For  the  benefit  of  those  of  our  readers  who 
wish  to  use  a gasoline  engine  for  propelling  a 
boat,  drawings  are  given  for  a marine  engine 
and  to  economize  space  a table  has  been  pre- 
pared giving  the  exact  dimensions  of  one-half, 
one-fourth  and  one  h.p.  engines.  This  table  is 
published  by  permission  of  the  Wadsworth 
Machine  Works  of  Wellington,  Ohio.,  who 
have  given  permission  to  use  their  drawings. 
Thinking  that  this  hand-book  will  likely  come 
into  the  hands  of  some  practical  machinists  and 
engine  builders  who  may  desire  to  build  a large 
size  gasoline  engine,  scale  drawings  are  given 
of  a 25  h.  p.  (actual)  engine  designed  by  the 
writer  several  years  ago  in  Europe  and  es- 
pecially adapted,  owing  to  its  sensitive  governor, 
to  electric  light  work.  Several  were  made  to 
order  for  this  purpose  and  have  given  excel- 
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lent  results.  As  the  drawings  explain  them- 
selves to  any  mechanic  no  more  need  be  said. 
This  engine  is  called  the  Simplex. 

GENERAL  DIMENSIONS  OF  STANDARD  GASOLINE  ENGINES. 

THE  WADSWORTH  MACHINE  WORKS. 
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The  Warwick  Simplex  Gas  Engine  is  shown 
in  Figs.  16,  17,  18  and  19.  Fig.  16  being 
the  rear  end  elevation  showing  valves,  etc. 
These  are  shown  again  in  Fig.  19.  As  the 
principal  feature  of  this  engine  is  its  extremely 
simple  and  sensitive  governor.  We  will  give  a 
brief  description  as  it  can  be  adapted  to  any 
engine. 

Fig.  19  is  a sectional  plan  and  shows  the 
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slide  valve  S having  an  admission  port  e lead- 
ing to  a mixing  chamber  M,  to  which  the  gas  is 
admitted  from  the  gas  inlet  g,  by  the  spring 
poppet  valve  s,  which  is  held  closed  by  the 


Sufjd**  Khjuk 
FIGURE  1 6. 


spring  H.  The  slide  valve  S has  a i to  4 
motion  transmitted  to  it  by  the  small  crank  K 
mounted  on  the  valve  rod  R (Fig.  17).  The 
admission  and  quantity  of  gas  is  controlled  by 
the  small  air  pump  (Fig.  19)  c being  the  cyl- 
inder in  which  the  plunger  O works.  K is  a 
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FIGURE  19. 
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needle  valve  allowing  the  compressed  air  to 
pass  out  of  the  air  chamber.  N shows  the 
plunger  valve  and  spring  carrying  on  its  end 
the  trip  finger  o,  which  engages  with  the  stem 
G of  the  poppet  valve  S and  forcing  back  the 
spring  II,  allows  the  gas  to  enter  the  mixing 
chamber  M. 

Should  the  speed  of  engine  exceed  what  it  is 


FIGURE  20. — CRANK  PIN. 

set  for  the  air  pump  compresses  air  in  the  air 
chamber  more  rapidly  than  it  can  escape  by  the 
needle  valve  K,  and  the  plunger  N is  forced 
out  and  the  trip  finger  o takes  the  place  shown 
by  the  dotted  lines  Fig.  19  and  does  not  strike 
the  valve  stem  G and  the  poppet  valve  S is  held 
shut  by  spring  H and  an  explosion  missed. 

The  mixed  and  compressed  gases  are  ignited 
at  the  proper  instant  by  being  forced  down  the 


48 


THE  GAS  ENGINE. 


port  f,  into  the  chamber  r,  where  a continual 
stream  of  sparks  is  kept  up  by  a small  induction 
coil,  or  if  preferred  a platinum  wire  may  be 
kept  white  hot  by  a battery  or  the  regular  hot 
tube  may  be  used  with  good  results.  In  Fig  17 
A is  the  cylinder  with  its  trunk  piston  at  P.  C 
the  connecting  rod  and  K the  cranks.  The 
method  of  building  up  the  cranks  by  a crank 
pin  being  shown  at  Fig  20. 
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CHAPTER  VIII. 


The  Fairbanks=Morse  Gas  and  Gasoline 

Engine. 


The  Fairbanks-Morse  gas  and  gasoline  en- 
gines as  shown  in  Fig.  21  are  probably  the  best 
known  of  American  Gas  Engines,  and  are  made 
in  various  sizes  from  2 to  75  h.  p.  One  of  the 
principal  features  claimed  by  the  makers  is  the 
simplicity  of  the  mechanism,  the  number  of  the 
working  parts  being  reduced  to  a minimum. 
Modern  steam  practice  has  been  followed  in 
placing  the  governor,  which  is  located  in  the 
flywheel,  thus  dispensing  with  belts,  gears,  etc. 
The  hot  tube,  or  electric  igniter,  or  both,  is  used 
as  desired.  Referring  to  the  gasoline  engine, 
this  fluid  is  pumped  continuously  into  a small 
brass  container  or  reservoir  on  the  engine,  in 
which  it  is  kept  at  a constant  level.  Air  pass- 
ing through  a nozzle  connected  with  this  reser- 
voir takes  up  sufficient  oil  to  form  an  explosive 
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mixture ; this  is  regulated  by  the  governor. 
When  an  explosion  is  not  required,  the  exhaust 
valve  is  held  open  and  no  charge  is  admitted  ; 
and  the  engine  is  relieved  of  the  work  of  com- 
pression. There  are  only  two  valves  on  the 
engine,  both  of  which  are  of  the  poppet  type 
and  well  water-jacketed.  There  is  but  one 
cam  which  works  the  exhaust  valve  through  a 
straight  rod.  On  all  engines  above  3 h.  p.  a self 
starter  is  fitted  which  is  very  simple  in  construc- 
tion and  works  extremely  well.  The  Fair- 
banks-Morse  Co.  have  extensive  works  at 
Beloit,  Wis. 

This  engine  was  originally  designed  for 
pumping  in  the  west  where  irrigation  is  a 
necessity,  but  met  with  such  success  that  its 
designor,  Mr.  Charter,  who  has  been  termed  the 
daddy  of  the  American  gasoline  engine,  modi- 
fied it,  and  under  its  new  name  it  is  meeting 
with  great  success,  even  for  electric  lighting, 
which  is  the  most  severe  test  that  can  be  ap- 
plied to  a gas  or  gasoline  engine.  A plant  is 
now  being  designed  by  the  writer  where  it  is 
intended  to  use  several  of  these  engines  of  large 
size  for  incandescent  lighting.  One  of  the 
noticeable  features  of  this  engine  is  that  even  in 
the  large  sizes  not  more  than  a pint  of  gasoline 
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is  in  the  supply  tank  in  the  building  at  a time 
and  the  reservoir  containing  the  main  supply  is 
in  the  earth  below  the  engine  and  outside  the 
building,  thus  doing  away  with  any  objection 
that  the  fire  underwriters  might  have  to  the  use 
of  gasoline  in  a building.  No  carburetor  is 
used,  the  gasoline  being  sprayed  directly  into 
the  cylinder  on  the  out  stroke  of  the  piston,  the 
exhaust  being  closed ; in  other  words  the  gaso- 
line is  inhaled  into  the  cylinder  and  then  com- 
pressed and  afterwards  exploded. 
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CHAPTER  IX. 

The  American  Otto  Gas  Engine. 

The  Otto  Gas  Engine,  invented  in  1867  by 
Dr.  N.  August  Otto,  and  which  was  exhibited 
by  him  at  the  Paris  Exhibition  of  the  same  year, 
and  obtained  a gold  medal  for  general  excel- 
lence, is  manufactured  in  this  country  by  The 
Otto  Gas  Engine  Works  of  Philadelphia,  Pa., 
who  state  that  over  47,000  engines,  representing 
over  250,000  h.  p.,  have  been  sold  and  are  still 
in  use.  The  writer,  while  in  the  employ  of 
Messrs.  Crossley  Bros.,  of  London  and  Man- 
chester, England,  in  1883,  set  up  one  of  the 
first  upright  or  domestic  Otto  engines  in  Otto  & 
Crossley’s  window  on  Cheapside,  London,  and 
connected  it  direct  to  a Siemens  incandescent 
dynamo.  It  suffices  to  say  that  the  engine  and 
dynamo  are  still  there,  working  every  day  light- 
ing the  offices  of  the  concern.  Messrs.  Cross- 
ley  Bros,  have  recently  installed  several  large 
engines  (one  of  350  ind.  h.  p.)  in  Ireland  for 
electric  lighting,  which  is  a guarantee  that 
these  engines  are  perfectly  regular  and  govern 
very  closely.  A cut  of  this  engine  is  shown  in 
Figure  22. 
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CHAPTER  X. 


How  to  Hake  a Carburetor  for  a Gasoline 

Engine. 


In  many  places  it  is  impossible  to  obtain  gas 
to  operate  the  engine,  therefore  we  will  consider 
how  a carburetor  can  be  made.  While  almost 
any  method  of  saturating  air  with  gasoline  will 
do,  even  the  crude  method  sometimes  employed 
of  forcing  the  air  through  the  liquid  giving  fail- 
results,  still  this  is  not  economical,  as,  if  the 
gasoline  is  heavy  or  common,  only  the  more 
volatile  oil  will  be  vaporized  and  the  balance 
must  be  thrown  away.  A cut  is  shown  of  a 
very  simple  carburetor  by  means  ot  which  even 
coal  oil  (kerosene)  can  be  used.  The  apparatus 
consists  of  two  parts,  the  heater  and  the  car- 
buretor, or  saturator.  The  latter  is  shown  at 
Fig.  23  in  section.  It  is  a simple  cast-iron 
shell  with  a float  working  in  an  inside  chamber. 
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1.  Is  the  float. 

2.  Float  tube  cap. 

3.  Screen. 

4.  Plug. 

5.  Tube  cap  screw. 

6.  Sight  glass. 

7.  Screw  ring. 

S.  Drain  cock. 

9.  Holes  admitting  gasoline  to  float. 

10.  Horsehair. 

1 1 . Level  of  gasoline. 

12.  Gasoline  needle  valve. 

13.  Shield. 

14.  Hot  air  inlet  from  heater. 

1 5.  Gas  or  vapor  outlet. 

16.  Gasoline  inlet  from  tank. 

The  heater  is  simply  a chamber  into 
which  the  exhaust  passes  on  its  way  out  to  the 
open  air,  and  is  made  by  screwing  two  caps 
onto  a piece  of  S-inch  pipe  and  then  drilling 
and  tapping  two  holes  in  the  ends  so  as  to  allow 
a piece  of  i-inch  pipe  with  two  elbows  and  a 
nipple  on  it  to  be  placed  in  it  to  make  a heating 
coil.  This  is  open  atone  end,  and  the  other  end 
connects  to  the  hot  air  inlet  No.  14,  shown  in 


NOTE. — The  diameter  of  the  Carburetor  for  a 2 or  3 h.  p. 
engine  should  be  9 x 11  inches  high  inside  measurement. 
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Fig.  23.  The  action  is  as  follows:  the  piston 
on  the  out  stroke  draws  in  a mixture  of  gasoline 
gas  and  air.  The  gas  is  generated  by  the  air 
drawn  through  the  heater  pipe  being  heated  by 


figure  23. 

the  exhaust.  This  hot  air,  by  the  suction  of  the 
piston,  is  caused  to  How  in  at  the  hot  air  inlet, 
and  after  bubbling  through  the  gasoline  in  the 
carburetor  passes  out  of  the  vapor  outlet,  1^. 
to  the  gas  valve  of  the  engine,  is  there 
compressed  and  exploded,  and  then  serves  to 
heat  the  air  for  the  next  charge. 
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CHAPTER  XI. 

How  to  Hake  a Simple  Electric  Igniter. 

First  procure  a porcelain  or  clay  wall  insulat- 
ing tube  from  any  electric  supply  store.  This 
should  have  a §-inch  hole  through  the  center 
and  be  about  3 inches  long  over  all  and  have  a 
J-inch  head  1 inch  in  diameter.  Now  procure 
a piece  of  J-inch  brass  tube  ij  inches  long,  and 
after  cutting  a thread  on  the  outside  of  it  place 
it  over  the  outside  of  the  wall  tube  filling  up  the 
space  between  with  plaster  of  paris  or  asbestos 
cement.  While  this  is  setting,  take  a piece  of 
brass  rod  f inch  in  diameter  and  turn  it  down 
to  a snug  tit  to  the  inside  of  tube.  Make  this 
three  inches  long  and  leave  a collar  on  one  end 
to  prevent  it  going  through  the  tube  by  the 
force  of  the  explosion.  Now  turn  up  a collar 
J inch  by  § inch  diameter  and  shrink  it  on  to 
the  end  of  the  brass  plug  that  projects  through 
the  insulating  tube.  Now  drill  a J-inch  hole 
through  the  brass  plug  and  this  part  is  ready  to 
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screw  into  the  cylinder  head  where  a suitable 
hole  must  lie  drilled  and  tapped  to  receive  it. 
You  will  now  require  a short  piece  of  drill  rod 
j^-inch  in  diameter  and  6 inches  long,  cut  an 
8-32-inch  thread  onto  each  end  of  this  and  fit 
it  to  work  nicely  through  the  £-inch  hole  in  the 
brass  plug.  When  this  is  done  a piece  of 
round  brass  two  inches  long  by  one  inch  diam- 
eter should  be  screwed  on  to  the  inside  end  to 
see  how  it  fits  and  then  removed  and  a $ or  -j7(. 
inch  hole  drilled  in  a little  way,  say  one  inch, 
to  receive  a piece  of  carbon  of  the  same  size, 
which  may  be  secured  there  by  a couple  of  8-32 
set  screws.  Now  obtain  a piece  of  fiber,  or 
better,  vulcabeston,  three  inches  long  by  f-inch 
wide  and  £ inch  thick,  drill  and  tap  an  8-3 2 
hole  through  the  center  and  one  at  each  end  to 
receive  the  ends  of  the  two  springs  which 
should  be  made  out  of  piano  wire  wound  on  a 
mandrel.  The  igniter  is  now  finished  and 
ready  to  be  assembled  and  screwed  into  the 
cylinder  head  and  connected  with  a spark 
coil  and  battery.  The  action  is  as  follows: 

The  piston  just  before  the  end  of  the  up  or 
compression  stroke  strikes  the  end  of  the  carbon 
rod  and  pressing  up  the  steel  rod  stretches  the 
springs  slightly  by  the  momentum  stored  in  the 
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fly  wheels,  the  piston  passes  the  dead  point  and 
starts  on  the  down  stroke,  and  then  breaks  con- 
tact with  the  carbon  and  piston  head  and  a 
spark  is  drawn  which  ignites  or  explodes  the 
compressed  mixture,  and  an  impulse  being  given 
to  the  piston  the  working  cycle  commences. 

Nearly  any  good  spark  coil  can  be  used,  but  a 
twelve  inch  coil  such  as  is  used  for  electric  gas 
lighting  is  best. 


Notf..— Our  hand  dynamo,  price  $3. 50,  will  be  much  better  than 
batteries.  You  will  need  no  spark  coif  with  it. 

BUBIER  PUBLISHING  CO.,  Lynn,  Mass. 
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CHAPTER  XII. 

The  Hornsby =Akroyd  Oil  Engine. 

This  engine  has  one  peculiarity  which  dis- 
tinguishes it  from  the  other  types  of  heat  motors. 
This  is  the  fact  that  it  has  neither  a hot  tube, 
an  electric  spark  nor  a slide-valve  with  flame  to 
explode  the  charge  of  oil  and  air,  and  is  there- 
fore, perhaps  the  simplest  oil  engine  now  built. 
A peculiar  feature  is  that  no  attempt  is  made  to 
vaporise  the  oil,  or  convert  it  into  spray  until  it 
is  actually  injected  into  the  combustion  cham- 
ber. Hence  the  density  of  the  oil  is  a point  of 
no  importance  and  heavier  petroleum  may  he 
used  than  in  most  other  engines.  The  gravity 
of  the  oil  used  is  usually  about  0.850  and  its 
flashing  point  150  degrees  F.,  but  excellent  re- 
sults have  been  obtained  with  oil  having  a 
specific  gravity  of  0.S64  and  a flashing  test  or 
point  of  225  degrees  F.,  thus  securing  perfect 
safety  in  operation.  The  chief  objections  to 
gas  and  oil  engines  in  general  is  the  necessity  of 
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providing  artificial  means  of  igniting  the  charge. 
This  objection  is  obviated  in  the  Hornsby- 
Akroyd  type.  The  manner  in  which  the  explo- 
sion is  obtained  in  this  engine  is  as  follows : 
The  cylinder  is  provided  with  an  extension 
communicating  with  it  by  a relatively  narrow 
neck.  This  extension  is  not  water-jacketed  and 
forms  a retort  in  which  the  oil  is  vaporized. 
Nothing  but  oil  in  liquid  form  is  injected  into 
the  retort  and  only  air  is  drawn  into  the  c\  l- 
inder.  This  engine  is  shown  in  Figure  24. 

On  the  out  stroke  of  the  piston  air  is  drawn 
into  the  cylinder  and  oil  is  forced  into  the  hot 
retort.  At  the  end  of  the  stroke  there  is  in  the 
retort  oil  vapor,  which  is  not  in  itself  explosive, 
and  in  the  cylinder  pure  air  which  is  also  non- 
explosive, and  there  is  not  sulficient  leakage 
from  one  to  the  other  to  make  either  charge  ex- 
plosive. On  the  return  stroke  of  the  piston, 
the  air  is  forced  from  the  cylinder  through  the 
communicating  neck  into  the  retort.  For  a 
moment  the  mixture  of  oil-vapor  and  air  is  too 
rich  to  explode,  but  as  the  piston  progresses, 
enough  air  is  forced  in  to  make  the  mixture 
naturally  explosive.  This  automatic  explosion 
is  found  to  take  place  exactly  as  the  piston  is 
making  the  next  out  stroke.  Ignition  takes 
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FIGURE  24. 
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place  within  the  retort,  the  piston  being  pro- 
tected by  a layer  of  pure  air.  Analysis  made 
of  the  gases  indicate  that  the  oil  is  completely 
burned  in  the  cylinder  with  an  excess  of  oxy- 
gen. The  products  of  combustion  formed  con- 
sist mainly  of  steam  and  carbon  dioxide  diluted 
with  nitrogen  and  oxygen,  traces  of  carbon 
monoxide  being  also  detected,  so  that  the  ex- 
haust is  not  objectionable.  The  oil  is  sent  to 
the  retort  by  a small  pump,  which  always  sup- 
plies enough  for  the  full  power  the  engine  is 
expected  to  produce.  If  less  power  is  being 
used  the  speed  increases  a trifle,  (less  than  i 
per  cent.)  and  a high-speed  “’Porter”  governor 
opens  a by-pass  and  allows  the  surplus  oil  to 
return  to  a reservoir  cast  in  the  base  of  the 
engine.  This  engine  gives  lirst-class  results 
and  is. largely  used  in  England,  but  as  far  as 
the  writer  is  aware  is  not  vet  on  the  American 

J 

market,  and  knowing  from  actual  experience  in 
Birmingham,  England,  that  its  perfoimance  is 
very  satisfactory,  we  will  next  describe  an 
engine  that  will  use  any  grade  of  oil  or  gasoline. 
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CHAPTER  XIII. 

The  Birkholz  or  Raymond  Improve  Engine. 

This  engine  is  built  bv  the  T.  I.  Case  Thresh- 
ing  Machine  Co.  of  Racine,  Wis.  The  most 
important  feature  of  this  engine  is  the  method 
of  governing  employed  by  means  of  which  the 
number  of  explosions  is  always  the  same,  but 
the  strength  of  the  impulse  is  varied  by  the 
strength  of  the  gas  and  air  mixture  and  the 
quantity  that  is  admitted.  In  the  factory  these 
engines  are  tested  to  25  per  cent,  over  their 
normal  power  with  a load  of  incandescent 
lamps.  A single  cylinder  2 h.  p.  engine  of  this 
make  belted  direct  to  a Warwick  2 K.  W. 
dynamo  held  the  needle  of  a Weston  volt  meter 

J 

so  steady  that  it  was  impossible  to  detect  a 
quiver. 

The  engine  is  of  the  Otto  or  4-cycle  type, 
which,  the  makers  claim  is  the  simplest  and 
best,  as  the  piston  does  all  the  work. 
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It  is  built  in  single,  double  or  quadruple  cyl- 
inders, the  multiple  cylinders  being  employed 
for  economy  of  space  and  gas,  neatness  of  de- 
sign, and  to  lighten  and  divide  the  force  of  the 
explosions.  The  makers  state  that  they  do  not 
depend  upon  multiplying  the  cylinders  for 
steady  power,  as  a single  cylinder  engine  will 
regulate  almost  as  closely  as  a quadruple  one. 

They  consider  that  the  vertical  gas  engine 
has  many  points  of  superiority  over  the  horizon- 
tal type,  the  rocking  motion  being  practically 
done  away  with.  The  vertical  type  also  econ- 
omises space,  a 50-II.  P.  not  exceeding  5x7  ft. 
of  floor  space.  All  sizes  of  engines  are  self- 
starting. This  engine  is  also  one  of  the  few  on 
the  market  provided  with  plugs  to  enable  the 
operator  to  take  a card  off  his  engine  with  an 
indicator.  The  engine  is  shown  in  Figure  25. 


HOW  TO  MAKE  ANT)  USE  IT 


67 


~.V 


FIGURE 


Illustrations. 


Figure.  Page 

1 Bisschop  Engine  (Sectional  Elevation). . n 

2 Section  of  Bisschop  Piston  Valve 12 

3 Bisschop  Ignitor 13 

4 Improved  Bisschop Engine.  Plan  of  base  15 

5 Sectional  Elevation  of  Bisschop  Engine,  17 

6 Bisschop  Engine  Indicator  Diagram 19 

7 Day  Engine,  Sectional  Elevation 22 

S Day  Engine,  Indicator  Diagram 24 

9 Sint/.  Engine 27 

10  Olin  Engine 29 

1 1 Warwick  Engine 33 

12  Warwick  Engine  (2  h.p.),  Sectional  View  35 

13  Crank  Disk  to  Warwick  Engine 36 

14  Combination  Inlet  and  Exhaust  valve  to 

Warwick  Engine,  Sectional  View  (two 
horse  power) 37 

15  Pedestals  to  Warwick  Engine 39 

16  Wadsworth-Warwick  Simplex  Engine 

(Back  Elevation) 43 

17  Wadsworth-Warwick  Simplex  Engine 

(Side  Elevation) 14 

iM  Wadsworth-Warwick  Simplex  Engine 

(Sectional  Plan) .15 

19  Admission  Valves,  Air  Governor,  etc., 

(Sectional  Plan)  Wadsworth-Warwick 
Simplex  Engine 

20  Crank  Pin  to  Wadsworth-Warwick  Sim- 

plex Engine ^7 

21  Fairbanks-Morse  Engine.  50 

22  American  Otto  Engine 54 

23  Carbureter  for  Warwick  Gasoline  Engine  57 

24  Hornsby- Akroyd  Oil  Engine 63 

25  Birkholz  or  Raymond  Improved  Engine,  67 

Insert  plate  of  working  drawings  and  gen- 
eral dimensions  of  the  Wadsworth- 
Warwick  Gas  Engine  opposite  page  40, 


Index* 


A 

American  Otto  Gas  Engine 53-54 

B 

Bisschop  Non  Compressing  Gas  Engine 10-20 

Bisschop  Non  Compressing  Gas  Engine, 

Method  of  Working 18-20 

Bisschop  Non  Compressing  Gas  Engine,  Test- 
ing  20 

Battery  and  Spark  Coil 38-40 

Birkholz  or  Raymond  Improved  Engine 65-67 

c 

Carburetor,  The  Warwick 40 

How  to  Make  a 55-57 

Coil.  Spark  38-40 

D 

Dimensions  of  Standard  Gasoline  Engines..  42 

Day  Gas  Engine 21-25 

E 

Engine,  History  of  the  Gas 5-9 

The  Bisschop  Non  Compressing  Gas  10-20 
The  Bisschop  Non  Compressing  Gas 

Method  of  Working 18-20 

The  Bisschop  Non  Compressing  Gas 

Method  of  Testing 20 


INDEX. 


Engine,  The  Day  Gas 21-25 

The  Sintz  Gas 26-27 

The  Olin  Gas  28-30 

How  to  Make  the  Warwick 31-40 

The  Warwick,  General  Directions..  34-40 

The  Cylinder 34-37 

Valves 37-38 

Governor 38 

Water  Jacket. . . 38 

Battery  and  Spark 

Coil 38,40 

Carburetor 40 

Ignition  Tubes. . 40 

The  Warwick  Simplex 41-48 

The  Fairbanks-Morse 49-52 

The  American  Otto  Gas 53-54 

Gasoline,  The  Fairbanks-Morse 49-52 

The  W adsworth-Warwick 

Marine 41-48 

Hornsby  Akroyd  Oil 61-64 

Berkholz  or  Raymond  Improved 65-67 

Electric  Igniter,  How  to  Make 58-60 

F 

Fairbanks-Morse  Gas  and  Gasoline  Engine. . 49-52 

G 

Gas  Engine,  History  of  the 5-9 

The  Bisschop  Non  Compressing  10-20 

The  Day 21-25 

The  Sintz 26-27 

The  Olin 28-30 

The  W ar wick 31-40 


INDEX. 


Gas  Engine,  The  Warwick  Marine  Simplex.  41-48 

The  Fairbanks-Morse 49*52 

The  American  Otto 53-54 

The  Wadsworth-Warwick 4b  4s 

Berkholz  or  Raymond  Improved  65-67 

H 

History  of  the  Gas  Engine 5-9 

Hornsby-Akroyd  Oil  Engine 61-64 

How  to  Make  a Simple  Electric  Igniter 58-60 

How  to  Make  a Carburetor 5 5 ‘5 7 

How  to  Make  the  Warwick  Gas  Engine  31-40 

I 

Igniter,  Simple  Electric,  How  to  Make 5S-60 

M 

Marine  Gas  Engine 41-48 

o 

Oil  Engine,  The  Hornsby-Akroyd 61-64 

Otto  American  Gas  Engine 53‘54 

Olin  Gas  Engine 28-30 

s 

Sintz  Gas  Engine 26-27 

T 

Table  of  General  Dimensions  of  Standard 

Gasoline  Engines 42 

w 

Warwick  Gas  Engine,  How  to  Make  the 31-40 

Simplex 41-48 

Wadsworth  Warwick  Marine  Gas  Engine. . . 41-48 


Popular  Electrician. 


A SCIENTIFIC  ILLUSTRATED  MONTHLY 

For  the  Amateur  and  Public  at  Large. 

Containing  descriptions  of  all  the  new  inventions  as  fast  as 
they  are  patented;  also  lists  of  patents  filed  each  month  at  the 
Patent  Office  in  Washington,  D.  C.  Interesting  articles  by 
popular  writers  upon  scientific  subjects  written  in  a way  that 
the  merest  beginner  in  science  can  understand.  Also  a Ques- 
tion and  Answer  Column  free  to  all  subscribers. 

Price,  Postpaid,  $1.00  a Year. 

Sample  Copy,  Ten  Cents. 

Jtjf”  Send  for  it.  You  will  be  more  than  pleased. 

Bubier  Publishing  Co.,  Lynn,  Mass. 


CAS  AND  STEAM 

Engine  Castings 

ANl) 

COMPLETE  ENGINES 

(One=fourth  and  one  H.  P.) 


Cut  shown  1-4  H.  P. 


Our  i H.  P.  Engine  will  run  a 1 6-foot  Boat 
or  Light  Motor  Carriage. 


Steam  Engine  Castings,  Electrical  Supplies, 
Telephones. 

PALMER  BROS., 

nianus,  Conn. 


Send  for  Catalogue. 


LATEST  AND  BEST  ELECTRICAL  BOOKS' 

For  Students  and  Amateurs. 


TREVERT’S  WORKS. 

Experimental  Electricity, $1.00 

Everybody's  Hand  Book  of  Electricity 50 

How  to  Make  Electric  Batteries  at  Home, 25 

Dynamos  and  Electric  Motors,  and  all  about  them,  . . .50 

Armature  and  Field  Magnet  Winding 1.50 

How  to  Make  a Dynamo,  10' 

Electric  Railway  Engineering, 2.00 

Electricity  and  its  Recent  Applications, 2.00 

A Practical  Treatise  on  Electro  Plating, 50 

How  to  Make  and  Use  Induction  Coils 50 

Practical  Directions  lor  Electric  Gas  Gas  Lighting  and  Bell 

Fitting  for  Amateurs,  .......  .50* 

Electrical  Measurements  for  Amateurs, 1.00 

Howjto  Build  Dynamo-Electric  Machinery 2.50 

Electricity  for  Students, 1.00 

How  to  Make  an  Electric  Motor, 10 

Something  about  X Rays  for  Everybody,  Cloth,  . . .50 

MISCELLANEOUS  AUTHORS. 

Questions  and  Answers  About  Electricity 50 

Edited  by  E.  T.  Bubier,  2d. 

A Practical  Treatise  on  the  Incandescent  Lamp,  . . . .50 

J.  E.  Randall. 

Electric  Motor  Construction,  for  Amateurs,  . . . 1.00 

C.  I).  Park  hurst. 

A Practical  Hand-book  of  Modern  Photography,  for  Ama- 
teurs. E.  T.  Bubier,  2d . . .50 

Arithmetic  of  Magnetism  and  Electricity 1.00 

John  T.  Morrow  and  Thorburn  Reid, 

How  to  Make  and  Use  a Telephone.  Geo.  H.  Cary,  . . 1.00 

Transformers;  Their  Theory,  Construction  and  Applica- 
tion Simplified.  Caryl  D.  Haskins,  ....  1.25 

What  is  Electricity?  Elihu  Thomson, .25 

How  to  Make  a 1 horse-power  Motor  or  Dynamo,  . . .50 

A.  E.  Watson. 

A Hand-book  of  Wiring  Tables.  A.  E.  Watson 75 

How  to  Make  an  Alternating  Current  Dynamo  or  Motor, 

Cloth.  A.  E.  Watson. 50 

How  to  Build  a 1-4  horse-power  Motor  orDynamo,  . . .50 

Cloth.  A.  E.  Watson. 

How  to  Build  a 1-2  horse  power  Motor  or  Dynamo,  . .50 

Cloth.  A.  E.  Watson. 

How  to  Build  a 50-light  Dynamo.  A.  E.  Watson,  . . .50 

Electrician’s  Handy*  Book  of  Useful  Information,  . . 2.50 

A.  E.  Watson. 

TheElectric  Railway.  Fred  H.  Whipple,  ....  1.00 

The  Electric  Railway  of  To-Day.  H.  B.  Prindle.  ...  50 

A Treatise  on  Electro-Magnetism.  D.  E.  Conner.  C.  E.  . .50 

A Popular  Lecture  on  Light.  Prof.  Elihu  Thomson,  . .20 

How  to  Make  and  Use  the  Storage  Battery,  . . . 1.50 

P.  B.  Warwick. 

How  to  Make  and  Run  a Gas  Engine.  P.  B.  Warwick.  . .75 


BUBIER  PUBLISHING  CO., 

P.  0.  Box  17,  Lynn,  flass. 

Send  Money  by  P.  O.  Order  or  Registered  Letter  at  our  risk. 


A VALUABLE  NEW  WORK. 


OF  USEFUL  INFORMATION. 


EDITED  BY 

A.  E.  WATSON,  A.  M., 

Teacher  of  Electricity,  Brown’s  University,  Prov.,  R.I 

ILLUSTRATED. 

A Compilation  from  Sylvanus  P.  Thompson,  Kapp, 
Allsop,  M unroe  and  Jamieson,  Watson,  Bottone, 
Bonney,  Watt,  Poole,  Trevert,  Haskins,  Morrow  and 
Reid,  and  others. 

This  book  gives  a large  number  of  receipts  for  making  Battery 
Fluids,  Battery  Pastes,  Insulating  Materials  and  Varnishes,  Elec- 
tro Plating  Solutions,  etc.,  etc.  Tells  how  to  make  Electric  Bat- 
teries, Bells,  Telephone,  Motors,  Dynamos,  Induction  Coils, 
influence  and  Static  Machines,  etc.,  etc.  Gives  formulae  for 
winding  Dynamos,  Motors,  Armatures,  Field  Magnets,  Trans- 
formers. Contains  many  Rules,  Tables,  Data  etc.,  etc.  In  fact, 
it  is  almost  a complete  cyclopedia  of  Electricity.  It  is  neatly 
bound  and  of  a convenient  size  to  be  carried  in  the  pocket  for 
handy  reference. 

Contents: 

Part  i.  History. 

“ 2.  Theory. 

3.  Measurements.  (Electric  and  Magnetic.) 

“ 4.  Electric  Batteries. 

“ 5.  Electro  Chemistry  and  Metallurgy. 

“ 6.  The  Telegraph  and  Telephone. 

“ 7.  Dynamos  and  Motors. 

“ 8-  Management  of  Dynamos  and  Motors. 

“ 9.  Electric  Lighting. 

“ 10.  Transformers. 

“ 11.  Wiring  for  Electric  Power. 

“ 12.  Wiring  for  Bell  Fitting  and  Gas  Lighting. 

“ 13.  Electric  Railways. 

“ 14.  Miscellaneous. 

“ k;.  Useful  Tables. 

“ 16.  Logarithms. 

Contains  over  350  Pages  and  many  Illustrations. 

PRICE  ONLY  $2.50.  POSTPAID. 

Babiet*  Publishing  Co., 

P.  O.  Box  17,  LYNN,  MASS. 


THE  WONDERFUL 

Pocket  Vitagraph. 

THE  GREATEST  NOVELTY  OF  THE  ACE. 

This  little  arrangement  gives  all  the  effects  of  the 
Kinetoscope.  Objects  move  and  people  act  as  though 
they  were  alive.  No.  i,  Boxing  Match.  No.  2,  Skirt 
Dance.  No.  3,  The  Quarrel.  No.  4,  Street  Fight. 
No.  5,  Turkish  Girl  Dancer.  No.  6,  Serpentine  Dance. 
No.  7,  The  Yankee  Cop,  showing  two  men  fighting  and 
the  policeman  comes  along  and  arrests  the  wrong  man. 
No.  8,  The  Funny  Story,  all  the  gestures,  expressions, 
etc.,  plainly  visible.  Other  subjects  in  preparation. 
Price,  10  cents  each.  Mail  free.  Anybody  can  work 
them,  even  a child. 

To  Agents,  Salesmen  & Dealers  in  Novelties. 

Agents  Wanted. — Liberal  discounts  will  be  made 
to  them  if  they  buy  in  quantities.  Agents  are  now 
making  $3.00  to  $5.00  per  day. 

We  can  assure  you  it  is  the  best  selling  article  ever 
handled.  A trial  order  will  prove  it.  Sample  10  cents. 
We  guarantee  that  you  will  be  satisfied  with  it. 

FRIGES  TO  AGENTS  AND  DEALERS 

SO  C.  PER  DOZ.  $5.00  PER  GROSS.  $25.00  PER  THOUSAND. 

Postage  10  cents  per  dozen  extra.  Expressage  on 
gross  lots  or  over  to  be  paid  by  receiver.  Terms: 
cash  with  order.  Goods  will  be  sent  C.  O.  D.  if  one- 
fourth  of  the  amount  accompanies  order.  Orders 
filled  promptly. 

Bubien  Publishing  Co., 

bVHN,  JVIflSS. 


Editor:  Brian  D.  Szafranski.  Elma,  NY  USA  — July  1 5,  20 1 6 
Courtesy:  Western  New  York  Gas  & Steam  Engine  Association 
Alexander,  New  York  USA  — www.AlexanderSteamShow.com 


